The goal of this study was to map watercourses, watersheds, and small wetland features that are completely obscured by the forest canopy using airborne LiDAR (Light Detection and Ranging) within the archaeological site from Porolissum. This technology was used to generate a bare-earth Digital Terrain Model (DTM) with 0.5 m spatial resolution in order to map small depressions and concavities across 10 km 2 of forested landscape. Although further research is needed to determine the ecological, geological, and archaeological significance of the mapped waterbodies, the general methodology represents important progress in the rapid and accurate detection of wetland habitats in forested landscapes.
INTRODUCTION
Anthropogenic land use is likely to present a greater challenge to biodiversity than climate change in this century (Dale, 1997) , especially along small streams and rivers (Wilson et al., 2014) . Even if species are equipped with the adaptive capacity to migrate, in the case of a changing climate they will likely encounter a highly fragmented suitable habitat as a major dispersal barrier. Despite existing environmental protection and management strategies, expanding human land use is likely to further isolate natural/seminatural areas, decreasing landscape and biological connectivity and altering habitat quality (Wilson et al., 2014) .
Forest streams are one of the most valuable resources that provide a habitat for many aquatic and riverine species (Curtean-Bănăduc et al., 2014), and represent an important cultural, economic, and ecological asset. Although long-term sustainable water resource management, forest harvest volume calculations, feasible harvest settings, and road location design at landscape or watershed levels are all critically dependent on reliable stream data. At this moment, the accurate high resolution data needed to properly delineate small streams are still lacking.
However, new mapping technologies provide the potential of deriving improved stream data from more detailed surface topology. LiDAR (Light Detection And Ranging) technology, which creates sub meter topographical maps, provides increased resolution in digital surface detail compared with the typical 100-200 meters resolution topographic maps (***, 1992) and permits the generation of more precise and accurate maps of stream networks and of suitable habitat for certain species. Preliminary analyses demonstrated that by using LiDAR data, a significant number of actual stream channels were localized and that their topographic positioning was correct. This ability to generate accurate stream locations and physical attributes using LiDAR allows more reliable long-term calculations of sustainable hydrological resources (Mouton, 2005) .
Recent studies have drawn attention to the importance of information extracted by watershed delineation for aquatic biodiversity conservation (O'Keefe et al., 2012; Macedo et al., 2014) and sustainable landscape planning (Uzun and Gultekin, 2011; Hudak et al., 2009 ). Watersheds can be considered as landscapes that comprise the area drained by a river or stream and its tributaries (Karadağ, 2013) . Accurate geospatial databases on the extent of wetlands, water bodies, and the surrounding landscape features are a goal shared by biological sciences, landscape planning, and ecological restoration activities (Frazier and Page, 2000; Lyon, 2003) . The spatial organization of wetland key features, such as vegetation patches or surface water bodies, is of major importance for the scientific understanding of the ecology and hydrology of these ecosystems. These patterns can also be indicative of wetland health and development (Patience and Klemas, 1993; Adam et al., 2010) .
Water resource management commonly requires investigation of landscape and hydrological features such as terrain slope, drainage networks, and catchment boundaries. Conventionally, water bodies and wetlands were mapped by laborious field surveys and manual cartography. The use of such source data is obviously tedious, time consuming, and error prone (Lyon, 2003) . The traditional methodology involves determining and drawing the boundaries of drainage divides, peaks, and stream beds on the topographical maps by hand. However, modern methods are determining the boundaries by digitizing and analysing the contour lines developed by GIS (Geographic Information Systems). The advantage of GIS technology lies in its data synthesis, the geography simulation, and spatial analysis ability. Spatial analytical techniques, geographical analysis, and modelling methods are therefore required to analyse data and to facilitate the decision process at all levels within landscape planning (Gallant, 2015; Karadağ, 2013) .
Geospatial information on wetland features can now be collected much more efficiently and accurately by new remote sensing technologies (Bilaşco, 2008; Dronova, 2015; Moffett and Gorelick, 2013; Adam et al., 2010) . These techniques usually include aerial photography, multispectral and hyperspectral sensors, LiDAR, and synthetic aperture radar (SAR) that may be processed and analysed to provide source data used to map and characterize wetlands and related water dynamics (Silva et al., 2008; Adam et al., 2010) . Aerial photography offers the high spatial resolution desirable for detecting many wetland features, but typically involves time and experience-intensive manual interpretation or manipulation, and repeated acquisitions have historically been limited.
Data from multispectral sensors has been widely used for classifying land cover, including wetlands (Klemas, 2012; Adam et al., 2010) . LiDAR or Airborne Laser Scanning (ALS) is one of the high accuracy remote sensing techniques for measuring the height above sea level. By using this technology, it is possible to detect the ground surface and other objects like vegetation or buildings. LiDAR-derived data is used to obtain high-resolution topography and has opened avenues for the analysis of landslides, hill slope and channelization processes, river morphology, active tectonics, volcanic landforms, and anthropogenic signatures on topography (Tarolli, 2014; Sofia et al., 2014) . However, the detection of points in water areas is difficult because water (particularly standing waters) does not provide reflectance for the laser scanner. Nevertheless, some reflectance of the water is possible when there are waves or some objects above the water surface. Moreover, the interpretation and extraction of remote sensing data into detailed wetland maps remains a challenge because it is difficult to infer the vegetation types or landscape features and their spatial configuration from the electromagnetic radiation patterns that the image captures from the ground. Furthermore, if the wetlands are hidden under the vegetation canopy, mapping these habitat's morphological and ecological parameters is even more difficult to achieve by using only aerial images.
The goal of this study was to map watercourses, watersheds, and wetlands that are completely obscured by the forest canopy using airborne LiDAR technology, also known as Airborne Laser Scanning (ALS), in order to offer topographical support for sustainable landuse stakeholder level management options and to protect the biodiversity and cultural heritage at the landscape level.
MATERIAL AND METHODS

Study Area
The study area covers 10 km² within the Dacian-Roman archaeological site from Moigrad-Porolissum (Sălaj County, Romania), 47°11'49" N, 23°08'37" E, 504 m a.s.l., on the frontier of the Roman Empire (Dacia Province), also called the Roman Limes (Fig. 1) . The area is mostly forested ( Fig. 1) with oak, hornbeam, and beech; having different undergrowth. Regarding slope, more than half of this territory is strongly inclined (5°-15°), over 35% of it being steep and very steep terrain (15°-55°), and about 10% gently inclined (< 5°). The average slope is about 14°. The climate is warm and temperate, the annual averages being a temperature of 9.2°C and 647 mm of precipitation. Concerning the hydrographical classification (Gravelius system), the research area comprises three smaller order watersheds ( 
Data and Analysis
Aerial laser scanning in the area of interest was carried out for archaeological purposes on 20th March 2013, during the leaf-off season, when the local ground was without snow cover.
LiDAR data (Tab. 1) ensured a 10 km 2 total surface coverage, and was collected by ArcTron GmbH using a D-EBMW/C207 helicopter. The raw LiDAR data (point cloud data) was filtered into ground and non-ground points by the provider and was delivered to us as separate xyz files. The LiDAR bare ground data set was used to generate a 0.5 m resolution DTM using a natural neighbour interpolation algorithm within ArcGIS 10 software (ESRI, 2011). In order to ascertain whether the delineated watersheds and watercourses on the LiDAR-derived DTM are water features, we performed a visual comparison with the existing topographical maps of the study area (scale 1:25,000) and with the hydrological information from the Romanian Water Cadastre. Also, in situ ground-inspection was performed in specific areas, selected to encompass features from all morphological types. The polyline shapefile was exported as a keyhole markup language (kml) file. This file was converted to a Garmin Mapsource® GPS waypoint file (gdb) and uploaded to a Garmin GPSMap® 60s Global Positioning System (GPS) which was used to spatially locate the features.
The water surfaces, small watersheds, and wetland habitats (small depressions and concavities) obscured by the forest canopy were detected and accurately mapped using airborne LiDAR-derived topographical data, Spatial Analysis Tools, Arc Hydro Tools, and Land Facet Corridor Designer from the ArcGIS. In order to see under the closed canopy we performed the following stages:
a. Generating the DTM from the airborne LiDAR The LiDAR data was filtered by the data provider to remove the returns from above ground surface objects such as buildings and vegetation (first returns), revealing the bare earth surface (last returns) without the forest cover. Filtering algorithms for separating ground and vegetation returns have been in development for decades and, whilst not perfect, are capable of handling even dense understory (Sofia et al., 2014) . We used these ground elevation points to generate a high spatial resolution DTM (0.5 m) by using the Natural Neighbor toolbox from ArcGIS software (Fig. 2) . This topographical data enabled us to extract the following information on the study site: the average height is 353 m a.s.l., with a minimum of 239 m a.s.l., and a maximum of 519 m a.s.l. The average slope is 15º, with a minimum of 0º and a maximum of about 87º. Also, using DTM visualization techniques, the underground archaeological structures belonging to The Roman Limes (hill fort, defence walls and watchtowers) from the forested landscape at Porolissum were mapped (Opreanu et al., 2013; Opreanu et al., 2014; Roman et al., 2015) . The high spatial resolution LiDAR-derived topographical data was also used to detect watersheds, water surfaces, small valleys and depressions and to accurately map these features in steep terrain. 
b. Watersheds and watercourses delineation
The process employed to analyse data and to facilitate mapping involves 11 spatial/geographical analyses and modelling methods using Arc Hydro Tools for ArcGIS 10 software, grouped in four stages. The first stage of Archydro Model is Terrain Preprocessing, which must be completed before watershed boundary delineation. It involves two analyses; DTM reconditioning and Fill sink, which are confirmation and preparation processes that should be performed in sequential order. The DTM reconditioning increases the degree of agreement between stream networks delineated from the DTM and the existing input vector stream networks (Mervade, The validation of the delineated watercourse features was performed by visual comparison using the existing topographical maps (L-34-35-A-d, scale 1:25,000) and hydrological data from the Romanian Water Cadastre (1992). As illustrated in figure 4 , the high spatial resolution of the LiDAR-derived DTM (0.5 m) offers the capability of improving the existing information from the Romanian Water Cadastre by increasing the number of hydrological features and the quality of this data. Also, in situ ground-inspection and validation was performed in relevant areas, selected to encompass waterflow features of different morphological shapes.
The accurate mapping of watercourses and watershed boundaries is important because rainwater drenches most of the terrain and, in a domino effect, any local disturbance would be reflected in the whole system (Karadağ, 2013) . A watershed is the area drained by a river or stream and its tributaries, while sub-watersheds (micro-watersheds) are defined as catchment areas comprising drainage lines in various sizes which feed watersheds and river watersheds (Karadağ, 2013) The complex boundaries existing within a landscape can be untangled by analysing watersheds. Considering the importance of water for all life forms, its effect on establishing, developing, and even collapsing civilizations, it is clear that watersheds can also serve as effective boundaries in landscape planning. Water provides the interaction between the space of natural and cultural life, while generating socio-cultural and economical life by its presence. This situation enables watersheds to act not only as a natural boundary, but also as a borderline that affects people's life. Hydrological systems, along with ecological units, have been viewed as a natural basis for division of the earth's surface. Thus, the watershed or catchment has often been proposed as the most appropriate division for landscape planning. Key reasons have been its relative self-containment in terms of flows of water, other materials, and energy; its relationship to geomorphic processes and the consequent recognisability of landform characterizing individual catchments; and the importance of water, often in short or excess supply, to human settlements. Increasingly, landscape ecologists also recognize the importance of water catchments in influencing the nature and functionality of ecosystems through their role not only in supplying moisture, but also in moving chemical nutrients within the ground and along rivers (Selman, 2006) .
c. Detection of the small wetland features
The small wetland features (steep depressions and concavities) were detected using the Topographic Position Index (Guisan et al., 1999; Jenness et al., 2010 ) that measured elevation contrast in the LiDAR-derived DTM. For each focal cell, the TPI is the difference between the elevation of the focal cell and the average elevation of all the cells in the neighbourhood.
The TPI is the basis of the classification system and is simply the difference between a cell elevation value and the average elevation of the neighbourhood around that cell. Positive values mean the cell is higher than its surroundings, while negative values mean it is lower. The degree to which it is higher or lower, plus the slope of the cell, can be used to classify the cell into slope position. If it is significantly higher than the surrounding neighbourhood, then it is likely to be at or near the top of a hill or ridge. As with TPI values in general, neighbourhood size is also a critical component of the Slope Position classification process.
Small neighbourhood values capture small and local hills and valleys while large neighbourhoods capture larger-scale features. Significantly low values suggest the cell is at or near the bottom of a valley. TPI values near zero could mean either a flat area or a mid-slope area, so the cell slope can be used to distinguish the two. TPI units are expressed as elevation, therefore a TPI value of 10 would mean that this particular cell is 10 units (meters) higher than the average elevation of the neighbourhood. We used an annulus shape to define the neighbourhood (Fig. 5A ) cells whose centre points fall between the inner radius (r = 2.5 m: 5 DTM horizontal units) and outer radius (R = 5 m: 10 DTM horizontal units). An annular neighbourhood looks like a ring or doughnut, defined by an inner and outer radius length extending outward from the cell centre. This neighbourhood is composed of all cells whose cell centres lie within this ring. The annulus shape amplifies the difference between the focal cell and the surrounding ring.
Pixels or grid cells with TPI values < -5 were identified in the DTM image as potential depressions and concavities (Fig. 5B) . This depth allowed shallow reservoirs and small depressions to be identified in the forested study area. We have also identified eight concavities (diameter range 1.5 m -3.5 m), more or less circular. These may be the result of ruined ancient Roman structures, most probably watchtowers judging both by their shape as well as their position in relation to the Roman advanced defence system recently documented and accurately mapped by means of LiDAR survey (Roman et al., 2015) .
Several of the recorded depressions were validated in the field during the spring and autumn of 2015 (Figs. 5C and 5D ). During spring time, or rain season, these small depressions and concavities retain water, representing potential habitats for many wildlife species. One of the concavities proved to be a cave entrance (Fig. 5D ). Such caves are nowadays habitats for bats, frogs and spiders, but in the past were used by Christian hermits. Although in Dobrudja such discoveries are clearly dated in Late Antiquity (6th-7th century AD), in this case, we must presume that we are dealing with a structure dating back to the Middle Ages as the earliest documents mentioning a Christian community in this particular area seems to indicate. Also, other recent studies revealed the potential of the LiDAR-derived DTM to map cave openings (Weishampel et al., 2011) . Given the scanning angle of the LiDAR pulse, it is likely that some concavities with side or horizontal openings would not be evident on the models. Also, concavities smaller than the DTM horizontal resolution (0.5 m), would most likely not be detected. 
CONCLUSIONS
This study employed LiDAR based methods and processing techniques that enabled the detection of watershed features, water bodies, and wetlands hidden below the forested landscape surrounding the archaeological site from Moigrad-Porolissum and translated the remote sensing data into terrain maps. Also, this research reveals the effectiveness of the airborne LiDAR and GIS processing tools (Arc Hydro Tools, Land Facet Calculator) for delineation of watershed boundaries, small streams, and water bodies in forested, steep terrain.
The hydrologic modelling involved delimiting stream networks and watersheds, and extracting some basic watershed properties such as area and flow length. Traditionally this was done manually by using topographic/contour maps, but this process can be automatized. It can be performed faster and render more accurate results by using a high spatial resolution LiDARderived DTM and analysing the data with GIS specialized software such Arc Hydro Tools for ArcGIS. Also, by generating the TPI from the LiDAR-derived DTM, small depressions and concavities that represent temporary or permanent water bodies can be detected and mapped.
Although further research is needed to determine the ecological, geological, and possibly the archaeological significance of the mapped depressions and concavities, the general methodology represents an important progress in rapid and accurate detection of water bodies in forested landscapes. These spatial data are necessary, particularly for sustainable landscape planning, because the complex boundaries existing within a landscape can be untangled by analysing watersheds. Considering the importance of water for all life forms, its effect on establishing, developing and even collapsing civilizations, it is clear that watersheds can also serve as effective boundaries in landscape planning. Watersheds act not only as a natural boundary, but also as a borderline that affects people's life.
